Background: Cross-leg flaps for lower limb wound coverage have been replaced by free tissue transfer in the last two decades. However, there are certain difficult situations where the free flap cannot be employed and alternative methods are needed. We describe our experience with cross-leg flap in 135 patients for the reconstruction of difficult leg defects in which no possible other options available for reconstruction of the defect. Materials and Methods: This study was carried upon one hundred thirty five patients suffering from leg and/or foot soft tissue injury. This study focused on the cases that need coverage of bone, tendons, and neurovascular bundle, while those that managed by local flap or split thickness graft were excluded. Results: All patients ambulate well after 5 -10 days, except for 14 patients who had associated orthopedic problems as external fixation, or other fractures. Cosmetic outcome were excellent in all patients, but 3 patient's mothers complaint of bulky flap, and for them liposuction was done with postoperative satisfaction. 2 cases complaint of early donnar sit graft, but later on they were satisfied. Conclusion: Cross-leg flap offers the possibility of salvaging limbs that are otherwise nonreconstructable.
Introduction
Severe trauma such as Gustilo type III-C injuries of lower leg caused by accidents happens more often than before. These injuries are usually accompanied with extensive damage of the soft tissue, severe comminuted fractures, or bone defects, and even with injuries of nerves and main vessels. The reconstruction of limb salvage in these cases is a great challenge for orthopedic and plastic surgeons [1] .
Composite tissue loss in extremities involving neurovascular structures has been a major challenge for reconstructive surgeons. Principles of reconstruction cascade dictate first using local and regional tissues. However, local and regional flaps may not be suitable for larger defects, and adequate fresh tissue can only be obtained with microsurgical procedures. The success of free flap operations depends on the presence of healthy recipient vessels. In cases with no suitable recipient artery and vein or in those where even the use of vein grafts would not be feasible, the lower limb could be salvaged through a cross-leg flap procedure.
The cross leg flaps have stood the test of time ever since its first description by Hamilton in 1854 [2] . It has always found an important place in the surgeon's armamentarium in reconstructive surgeries of the lower limb even in the era of micro and super-microsurgery. It is still a safe and viable option in primary and secondary care centers for the reconstructive surgery of the lower limb in situations such as larger distal defects in the leg and foot where distally based flaps from the ipsilateral leg calf are not feasible.
Even in tertiary care centers cross leg flaps is a viable procedure in failed free flap surgeries. This is quite relevant because the highest percentage of failure of free flaps is encountered in cases of resurfacing the traumatic defects of the distal leg and foot [3] .
Like most of the proven procedures, cross leg flaps have also undergone refinement and modifications. With the advent of fasciocutaneous flaps described by Ponten in 1983, the cross leg flaps have been raised safely and easily with 1:3 to 1:3.5 widths to length ratio [4] .
Whenever no possible other options to reconstruct the foot and leg trauma with tissue loss, due to technical deficiency, no available local tissue, and/or loss of healthy donnar vessels for microsurgical reconstruction, the cross-leg flap is the only choice for reconstruction. This is the aim of my article to address and evaluate this flap and follow up of its results.
Patients and Methods
This retrospective study was carried upon one hundred thirty five patients suffering from leg and-or foot soft tissue injury who were admitted to emergency department of Sohag University Hospital, and my private clinic The selection criteria were injuries with exposed tendon, bone, or neurovascular structures.
All the patients received 1st aid resuscitative measures to minimize bleeding restore airway and correct shock except those who were not indicated. Detailed history was taken with special emphasis on the mechanism of trauma; the time elapsed since injury, history of previous surgical procedures.
All the patients were subjected to full general and local clinical examination to assess the site and size of the defect, the presence or absence of exposed bone, tendons or neurovascular structures, the degree of wound contamination, the condition of nearby skin, the condition of the contra lateral leg, and full vascular (if there is arterial injury, or distal vascular insufficiency) and neurological examination (to exclude distal nerve affection).
Fresh clean cases are managed primarily, while late or contaminated cases (infection or gangrenous skin) are dealt with secondarily after debridment and granulation have occurred.
Laboratory investigations necessary for surgical fitness were done as complete blood picture, bleeding and clotting time. X-rays, to exclude fracture, emphysema or other orthopedic interference, and Doppler studies, to insure distal vascular adequacy, were done when indicated.
This study focused on the cases that need coverage of bone, tendons, and neurovascular bundle, while those that managed by local flap or split thickness graft were excluded.
Skeletal stability and restoration of the circulation of the injured limb were achieved before or at the session of reconstruction.
Fixation of the two limbs was achieved by strapping, wrapped to both limbs together, in adolescents and calm children, and by cast in younger or naughty children to exclude vigorous movements that may separate the flap. 1 st dressing was done on the 3 rd day post operative and twice weekly after that, unless extensive infection is present, daily dressing was done. Separation was achieved after 3 weeks, and at that time any raw areas were splitthickness grafted.
All the patients received postoperative care including proper broad spectrum antibiotic therapy, potent pethedine analgesics in the post-operative period, elevation of the limbs 45 degree to prevent edema and good monitoring of the flap color, temperature and capillary refill.
Ambulation is encouraged early after separation unless there is orthopedic contraindication until fractures heal.
At follow-up, the patients were evaluated for functional (mobility without limping) as well as for cosmetic outcome, also the admission, and follow up sheets were recorded to avoid the remember bias of the patient's family.
The collected data were analyzed using SPSS version 11 for Windows.
Surgical Technique
The calf was the principle donor site for cross-leg flap, but may be extended distally if a large flap is needed. The choice of location of the base of the flap depends on both the site, size of the defect, and the comfortable position of the leg. Medial and lateral dependant flaps were used according to the position of the defect.
The defect was debrided, and the margin was freshened. After proper preoperative marking, the flap was raised including the fascia, and multiple skin to fascia stitches were taken to prevent any shearing movement to affect the blood supply. Preservation of sural nerve and short saphenus vein was achieved (not included in the flap), if possible. The donor site of the flap was split thickness skin grafted, and the flap was sutured over the defect (Figure 1) .
Three weeks later the flap is separated, and any residual raw areas, if present are grafted with split thickness skin graft.
Results
One hundred thirty five patients suffering from leg andor foot soft tissue injury who were admitted to Sohag University Hospital, and private clinic in the period from April 2009 to June 2011, were included in this study.
Their ages were 2 -15 years, with mean age 8.8 ± 3.59 years, 86 were males, and 49 were females. The most common cause of injury was motor car accident (74%). This was followed by crush injury (14%), falling from height (8%), motor bike (3%), firearm injury (1%) (Table 1).
The most common site of injury was the foot (63%). This was followed by the leg (37%), and combined leg and foot in (40%). All cases were with complex wounds with exposed bone, tendons or neurovascular structures.
102 cases had immediate reconstruction within the first 72 hours (75.5% of cases). 33 cases had delayed reconstruction (24.5% of cases). Follow up for 6 -18 months with the mean follow up was 12 months ± 4.74 months.
One hundred twenty three flaps were completely viable after division. Four patients had marginal necrosis, two patients had superficial epidermal necrosis, four patients had dehiscence, and needed repositioning and suturing, but healed well leading to increase the hospital staying, and two patients experienced infection, treated with parentral antibiotic according to culture and sensitivity test, and daily dressing. All healed completely in ten days. Partial graft loss on the flap donor site was seen in seven patients, which required regrafting with split thickness skin graft.
Free flaps cannot be used in patients with major lower extremity injury with axial vessel damage and a history of previous trauma and thrombosis of vessels. Failed previous free flap presents special problems in reconstruction. Locally diseased arterial tree, recipient vessel not available on exploration, and general condition of the patient not permitting long-standing surgery forms other contraindications for free flap. Relative contraindications of free flap include electrical burns, single vessel limb, delayed referral, and in patients after bone tumor resection that had radiotherapy. In pediatric age group, it is fraught with technical difficulties. In these situations, the cross-leg fasciocutaneous flap can be a good alternative to reconstruct the defects. The indications may be markedly broadened especially in the centers with no access to microsurgery. Hence, the cross-leg flap becomes a valuable option in the aforementioned conditions. Significant donor site deformity and morbidity, long operative hours, and secondary revision for debulking and contouring of the flap specially used around heel and ankle may be considered as additional disadvantages with free tissue transfer [6] [7] [8] [9] .
All patients ambulate well after 5 -10 days, except for 14 patients who had associated orthopedic problems as external fixation in 8 patients, or other fractures in 6 patients.
Cosmetic outcome were excellent in all patients, but 3 patient's mothers complaint of bulky flap, and for them liposuction was done with postoperative satisfaction. 2 cases complaint of early donnar sit graft, but later on they were satisfied (Figures 2-5 ).
Discussion
An injury to the lower extremity can be a complex problem, often involving the fractured bone, exposed tendons, and soft tissue defects. Microsurgical free flap is now a well-established procedure in the reconstruction of severely damaged lower extremities. However, successful result depends on the availability of suitable vessel with healthy vascular wall and adequate size for micro vascuIn our study, the mean length of time from first operation to complete healing was 35 days, and the mean operating time for both the stages was 1(1/2) h. Stable coverage was obtained in all the patients. Wells et al. reported that Type IIIB tibial fractures carried a significantly higher risk of free-flap failure than the other types of fracture, and stable, long-term coverage of the free flaps was achieved only in 78% of patients [10] . success rate with conventional cross-leg flap, and by incorporating the fascia, the success rate approaches nearly 100% [12] . For free flap, most of the centers reports success rate in the range of 90% -92% [13] .
Cross-leg flaps remain a useful and highly reliable tool for the reconstruction of difficult wounds of the lower limb [14] . It offers the possibility of salvaging limbs that are otherwise nonreconstructable. Cross-extremity flaps function as a nutrient flap for the distal limb even though the pedicle has been divided [15] . It is a backup procedure in an urgent situation and supplies a large quantity of skin. Advantages of cross-leg flap include ease of dissection, versatility, shorter operating time, minimal donor site morbidity, and replacement of like tissue with little or no need for secondary revision [16] .
With its simplicity, reliability, absence of functional deficit and good-quality coverage with only moderate aesthetic disadvantage, cross-leg flap finds a definite place in reconstructive trauma surgery [17] . Therefore, we recommend its use for injuries unsuitable for local tissue transfer, when real micro vascular expertise is not available or operating room time is restricted.
It is a simple, easy, non time consuming, and had little complication apart from the problem of immobility. In our series, the paucity of complications, and the durability of the flap makes us recommend this reconstructive tool for our patients, and junior plastic surgeons.
Conclusions
Cross-leg flap offers the possibility of salvaging limbs that are otherwise nonreconstructable.
It is an easy technique, not time consuming, suitable for junior plastic surgeon, and highly reliable tool for the reconstruction of difficult wounds of the lower limbs.
It offers a large flap dimensions to cover most of the defects of the lower extremities especially whenever bone, tendons, and neurovascular bundles are exposed.
